. 241-249 -The nucleoprotein (NP) antigen isolated from influenza A virus by solubilization with Triton X-100 (TX-100) and further electrophoresis with SDS-cellulose acetate membrane gave a single band on SDS-polyacrylamide gel electrophoresis. Rabbit anti-serum hyperimmunized with the NP reacted only against the NP antigen.
The standard hemagglutination-inhibition (HAI) test based on the principles described by Hirst and Salk (Hirst 1941; Salk 1944 ) is currently used as the routine assay system in the serodiagnosis and in carrying out the sero-epidemiology of influenza virus. Although the HAI test is largely specific to the antibody of each hemagglutinin and believed to reflect the neutralizing activity, there still exists a number of variable factors, i.e. the presence of non-specific inhibitors (alpha, beta and gamma) and the variability among the test strains in their avidity or affinity to chicken erythrocytes (Kilbourne 1975) . The most troublesome factor in making the serodiagnosis is the selection of the test strain, when immediate information is requested. It is well known that the antigenic determinants of hemagglutinin of influenza A virus frequently change, i.e. antigenic drift and shift (Webster and Laver 1971) . In addition, although the most recent isolate provides the best antigen for the HAI test in determining influenza infection, under the present conditions the viral isolation usually lags behind the clinical outbreak of the influenza pandemic.
On the other hand, the internal proteins of influenza virus (nucleoprotein and membrane protein) have type-specific antigens which are believed to identical among the various strains of each type of influenza virus (A, B, C) (Schild and Pereira 1969; Schild 1972; Kilbourne 1975; Schild et al. 1975 ). Therefore, sero diagnosis using the internal proteins should be easier as there is no affect from antigenic drift or antigenic shift. Initially, the complement fixation (CF) test was the only available method for the assay of the antibody to the internal antigens (Lief and Henle 1959) . The CF test was routinely performed using the so-called "soluble antigen" extracted from infected chorioallantoic membranes. However, this test is not so useful because its sensitivity and specificity are undoubtedly low and the CF titers immediately disappear after natural infection (Stuart-Harris and Schild 1976).
Therefore, we established another assay system based on the immuno double diffusion (IDD) and single radial immunodiffusion (SRD) tests to detect the antibodies to internal proteins particularly the nucleoprotein.
This publication describes, first, the isolation of the nucleoprotein from the influenza A virion in an immunologically and physico-chemically pure form, and second, how to utilize the isolated nucleoprotein to make the serodiagnosis of influenza infection, and also includes a comparative study using the HAI test on the actual pandemics of 1976-78. 
MATERIALS

Hemagglutination inhibition test (HAI ). HAI tests were performed in microtiter V
plates using receptor-destroying-enzyme treated sera, according to the method of the WHO (Palmer et al. 1975 ). 0.5% chick red blood cell suspension and 4 HA units of virus infected chorioallantoic fluid were used in the HAT test.
SDS-polyacrylamide gel electrophoresis (SDS-PAGE).
Gel electrophoresis was performed in 7.5% polyacrylamide gels containing 0.1% sodium dodecyl sulphate (SDS) according to the method of Davis (1964) . After electrophoresis, the protein was fixed and stained by 1.0% Coomassie brilliant blue dye in 7% acetic acid. The positions of the polypeptide bands were determined by scanning the gels at 580 nm using a densitometer (Joko model PAN-II Tokyo).
Protein determination. Protein concentrations were determined by the method of Lowry et al. (1951) , using bovine serum albumin as the standard protein.
Preparation of antiserum. Hyperimmune antiserum to the purified NP was made in the rabbit.
The NP (0.5 mg) was emulsified with Freund's complete adjuvant and injected intramuscularly.
A second intramuscular injection (0.5 mg of the NP in 0.5 ml saline) was given one week later as a booster.
Blood samples were taken from the marginal ear vein 3 weeks after the second injection. 
RESULTS
Methods of Isolation and purification of NP antigen
The starting material of the NP antigen was prepared in the allantoic fluid of 10-day-old fertile eggs infected 72 hr previously with the Hong Kong type influenza A virus. The fluid was precentrifuged at 3,000 rpm for 30 min and the virus in the supernatant was concentrated by ultracentrifugation at 186,600 X g for 1 hr. The pellet was suspended in TSB, then ultracentrifuged on a 10% and 50% sucrose cushion. Viruses recovered from the interface between the 10% and 50% sucrose solutions were centrifuged on a sucrose linear gradient (10%-50%).
The virus fractions recovered from a white opalescent band midway down the gradient (about 40% sucrose) were diluted approximately 10 times with TSB. After pelleting by ultracentrifugation at 186,000 X g for 1 hr, the virus was resuspended in TSB, solubilized and disrupted with 1.0% Triton X-100 and ultrasonicated at 10 KHz for 1 min. The NP was recovered from the pellet fraction after ultracentri fugation at 186,600 x g for 1 hr. Further purification to remove any residual impurities was performed by preparative electrophoresis. A 100 PI aliquot of the NP preparation was applied as a line to a 20 cm-wide strip of cellulose acetate membrane (Gelman, Michigan, USA) and electrophoresed at 10 V/cm in barbital buffer, pH 8.5, containing 0.01% SDS. After electrophoresis, the strip was cut into appropriate pieces and the NP protein eluted with distilled water. The purifica tion method is summarized in Fig. 1 . Verification of the purity of the NP preparation
The purity of the NP was examined by both SDS-PAGE and immuno precipitation. The densitometric pattern of the purified NP is illustrated in Fig.  2 . The NP gave a single band in the gel and migrated at a rate corresponding to a polypeptide with a molecular weight of about 60,000. The purity of the NP preparation was indicated to be 95% or more. In attempts to demonstrate the immunological purity of the NP, whole virus antigen, which was solubilized by Triton X-100 and ultrasonic treatment, and anti-NP rabbit serum were prepared (Fig. 3a) . Solubilized whole virus antigen gave a single precipitin line against the anti-serum. Furthermore, the anti-serum failed to give precipitin lines with the other three viral components (HA, NA and M). The rabbit anti-serum and human convalescent serum from influenza infections were tested aginst purified NP antigen. A well-defined single precipitin line was shown between the anti-serum and human serum. This line was continuous (Fig . 3b) . These physico-chemical and immunological results showed that the NP preparation had been completely isolated from other viral proteins and it was possible to detect the NP antibody in human serum. 
Concentrations of NP antigen for IDD and SRD
Application of the IDD and SRD techniques for the detection of anti-NP antibody
Comparison of the sero-diagnosis by anti-HA and anti-NP antibody. In early 1976, 38 paired sera, obtained from children with naturally occurring influenza infections caused by A/Miyagi/1/76 virus (which is an antigenic drift strain from A/Victoria/3/75) were tested by IDD and HAI. In 19 cases, infections were revealed as shown by a twofold or greater rise in HAI against A/Victoria/3/75 strain. Of these cases, anti-NP antibody was detected in all the convalescent sera. In the remaining 19 cases, however, there was no significant rise in HAI titer and in 13 of these cases the anti-NP antibody became positive (shown in Table 1 ). It is worthy to note that in 32 of the 38 cases anti-NP antibody was detected by Comparison of infection rates by HA and NP antibody. An unusual outbreaks of a mixed epidemic of A/Texas/1/77 like strain (H3N2) and A/USSR/90/77 like strain (H1N1) occurred throughout Miyagi prefecture in early 1978. Paired sera were obtained from children who were ill with naturally occurring influenza infec tions caused by either and/or both of A/Texas/1/77 like strain and A/USSR/90/77 like strain. The infection rate by anti-HA antibody to the A/Texas/1/77 strain was about 29% of the total sero-diagnosis and to the A/USSR/90/77 like strain was about 62%. This included a double infection rate of about 18%. The real infection rate by the HAI tests was about 73%. However, sero-diagnosis using the anti-NP antibody as indicated by the SRD method showed an infection rate of 83% (see Table 2 ). This finding clearly suggests that the detection of the anti-NP antibody has considerable potential value in sero-surveys of epidemics caused by different strains of HA antigen. 
Duration of NP antibody after infection
Five patients under clinical observation developed detectable HA and NP an tibody levels (Fig. 4) . The NP antibody was detected during a period of 12 months or more in case 1, 10 months in case 2, 8 months in case 3, 1 month or less in cases 4 and 5. These results show that antibodies to the NP antigen can be detected for long periods of one year or more by using the IDD technique. However, the SRD test to the NP revealed that 83% of the students were infected with influenza A virus. Therefore, if it is unnecessary to determine the pandemic strain and if it is necessary to determine whether an influenza pandemic is in progress or not, as immediately as possible, these etiological diagnostic procedures for the detection of the anti-NP antibody are useful. Additionally, contrary to our expectations, even several months after infection the IDD test could demonstrate the anti-NP antibody in the sera. Tak ing these findings into consideration, it has now become possible to carry out sero-epidemiological studies of the mass population using the nucleoprotein. Also, it is possible to assay many individual sera at the same time.
A collaborative study is in progress in which the immuno double diffusion test and single radial immunodiffusion test will be used for serological and epidemio logical studies of influenza infections.
